MATERIALS RESEARCH SOCIETY SYMPOSIUM PROCEEDINGS VOLUME 213

High-Temperature Ordered Intermetallic
Alloys IV

Symposium held November 27-30, 1990, Boston,
Massachusetts, U.S.A.

EDITORS:
L.A. Johnson

General Electric Aircraft Engins, Cincinnati, Ohio, U.S.A.

D.P. Pope
University of Pennsylvania, Philadelphia, Pennsylvania, U.S.A.

J.O. Stiegler
Oak Ridge National Laboratory, Oak Ridge, Tennessee, U.S.A.

-o,/d"gx

M RI S MATERIALS RESEARCH SOCIETY
d Pittsburgh, Pennsylvania




Contents

PREFACE xvii
ACKNOWLEDGMENTS Xix
MATERTALS RESEARCH SOCIETY SYMPOSIUM PROCEEDINGS XX

PART I: ALLOY THEORY AND PHASE STABILITY

*PHASE STABILITY AND ROLE OF TERNARY ADDITIONS ON

ELECTRONIC AND MECHANICAIL, PROPERTIES OF ALUMINUM

INTERMETALLICS - 3
A.J. Freeman, T. Hong, W. Lin, and J-h., Xu

AB INITIO CALCULATIONS OF STRUCTURAL ENERGETICS OF
TRANSITION-METAL ALUMINIDES AND SILICIDES 19
A.E. Carlsson and P.J. Meschter

CALCULATION OF ELECTRONIC STRUCTURE OF ORDERED AND

DISORDERED BINARY (AB) ALLOYS USING THE LMTO PARAMETERS

FOR PURE A AND B COMPONENTS 25
S.K. Bose, J. Kudrnovsky, O. Jepsen, and
0.K. Andersen

ENERGETICS AND STRUCTURAL EFFECTS OF BORON ADDITIVE TO
INTERMETALLIC COMPOUND: «-TiAl 31
P.K. Khowash, D.L. Price, and B.R. Cooper

THEORETICAL INVESTIGATION OF PHASE STABILITY IN '
NON-MAGNETIC Fe-V SUBSTITUTIONAL ALLOYS 37
M. Sluiter and P.E.A. Turchi

CVM SIMULATION OF THE RESISTIVITY IN Llo AND le Co-Pt
INTERMETALLIC COMPOUNDS 43
J.M. Sanchez, M.C. Cadeville, and V. Pierron-Bohnes

FREE ENERGY SIMULATZON OF GRAIN BOUNDARY SEGREGATION AND
THERMODYNAMICS IN Nh@-xAll+x 51
R. Najafabadi, H.Y. Wang, D.J. Srolovitz,
and R. LeSar

FIRST-PRINCIPLES CALCULATIONS OF STACKING FAULTS AND
GRAIN BOUNDARIES IN METALS : 57
K. Hampel, D.D. Vvedensky, and S. Crampin

TERNARY ALLOYING OF REFRACTORY INTERMETALLICS 63
D.M. Shah and D.L. Anton

HIGH TEMPERATURE MEASUREMENTS OF NEUTRON DIFFUSE

SCATTERING IN A FeA119jat% SINGLE CRYSTAL. INFLUENCE -

OF MAGNETISM ON CHEMICAL ORDER 69
V. Pierron-Bohnes, M.C. Cadeville, 0. Schaerpf,
and A. Finel

*Invited Paper




A COMPARATIVE STUDY OF SHORT RANGE ORDER IN Fe-Cr AND
Fe-V ALLOYS AROUND EQUIATOMIC COMPOSITION
P.E.A. Turchi, M. Sluiter, and G.M. Stocks

le ORDERING IN DISORDERED NiAlFe ALLOYS
A.R. Yavari, M.D. Baro, G. Fillion, S. Surinach,

S. Gialanella, M.T. Clavaguera-Mora, P. Desré, and
R.W. Cahn

EFFECT OF APB MICROSEGREGATION ON THE STRENGTH OF
NisAl WITH TERNARY ADDITIONS

Y.P. Wu, J.M. Sanchez, and J.K. Tien

ELECTRONIC STRUCTURE OF ORDERED AND DISORDERED
Cug,Pdg, AND Cu,.Pd,, ALLOYS

S.K. Bose, J. Kudrnovsky, O. Jepsen, and
0.K. Andersen

THE ROLE OF OFF~-DIAGONAL DISORDER ON ALLOY PHASE
STABILITY: AN APPLICATION TO THE Ni-Pt SYSTEM
M. Sluiter and P.E.A. Turchi

LMTO/CVM AND LAPW/CVM CALCULATIONS OF THE NiAl-NiTi
PSEUDOBINARY PHASE DIAGRAM
B.P. Burton, J.E. Osburn, and A. Pasturel

FIRST-PRINCIPLES CALCULATIONS OF PHASE STABILITY FOR
HIGH TEMPERATURE INTERMETALLICS
J.D. Becker, J.M. Sanchez, and J.K. Tien

FIRST PRINCIPLES CALCULATION OF PHASE STABILITY OF
HIGH TEMPERATURE INTERMETALLIC ALLOYS
J. Mikalopas, P.A. Sterne, M. Sluiter, and
P.E.A. Turchi

EMPIRICAL INTERATOMIC POTENTIALS FOR L1, TiAl AND
B2 NiAl

$.I. Rao, C. Woodward, and T.A. Parthasarathy

RELATION OF PHASE STABILITY BOUNDARY TO THE FILL-UP
BONDING STATES IN Ni3V,gC03V AND Fe,V

W. Lin, J.-h. Xu, apd A.J. Freeman
v

ALLOYING BEHAVIOR OF Niasi AND THE 900°C ISOTHERMS OF
SEVERAL Ni-Si-X SYSTEMS AT Ni-RICH CORNER
2. Tianxiang, L. Yundong, Z. Zhi, and Z. Yaoxiao

PHASE DIAGRAM RELATIONSHIPS IN THE TERNARY SYSTﬁM
Ti-Al-V
M. Paruchuri and T.B. Massalski

PHASE TRANSFORMATIONS AND MICROSTRUCTURAL DEVELOPMENT
IN TiAl-BASED ALLOYS

P.A. Beaven, Th. Pfullmann, J. Rogalla, and
R. Wagner

MICROSTRUCTURE OF TITANIUM-ALUMINIDES AFTER

THERMOMECHANICAL TREATMENT
J. Seeger, C. Hartig, A. Bartels, and H. Mecking

vi

75

81

87

95

101

107

113

119

125

131

137

143

151

157




AN INVESTIGATION OF PHASE EQUILIBRIA IN THE TERNARY

Al-Ti-Ta SYSTEM 163
M.L. Weaver, S.L. Guy, R.K. Stone, and
M.J. Kaufman

PHASE STABILITY AND SOLIDIFICATION PATHWAYS IN MoSi2
BASED ALLOYS 169
P.S. Frankwicz and J.H. Perepezko

METASTABLE PHASE FORMATION IN Be-Nb INTERMETALLIC
COMPOUNDS 175
J.L. Brimhall, L.A. Charlot, and S.M. Bruemmer

COMPUTER SIMULATION OF THE ELASTIC ENERGY CONTRIBUTION
TO ANTIPHASE BOUNDARY ENERGY ANISOTROPY 181
R.G. van der Heide and S.M. Allen

SHORT-RANGE TO LONG-RANGE ORDERING REACTIONS IN A

Ni-25Mo-8Cr ALLOY 187
M. Kumar and V.K. Vasudevan

PART II: DEFECTS AND MICROSTRUCTURE

*FROM DISLOCATION CORES TO HIGH TEMPERATURE STRAIN RATE
EFFECTS IN le COMPOUNDS 195
V. Vitek, Y. Sodani, and J. Cserti

]
;
i
|
H

*DISLOCATION STRUCTURES AND ANOMALOUS YIELDING IN
ORDERED ALLOYS ) 209
P.M. Hazzledine and Y.Q. Sun

COMPARISON OF TEM OBSERVATIONS WITH DISLOCATION CORE
STRUCTURE CALCULATIONS IN B2 ORDERED COMPOUNDS 223
D. Farkas, R. Pasianot, E.J. Savino, and
D.B. Miracle

DISLOCATION CORE STRUCTURES AND MECHANICAL BEHAVIOR OF
DO,, TYPE ALLOYS 229

M. Khantha, V. Vitek, and D.P. Pope

E-d
A MODEL FOR THE YIERD BEHAVIOR OF NiaAl ALLOYS 235
A. de Bussac, G.¢Webb, and S.D. Antolovich

DISLOCATION NUCLEATION VERSUS CLEAVAGE IN NiBAl AND Ni 243
Y. Sun, J.R. Rice, and L. Truskinovsky

STRESS INDUCED MARTENSITIC (SIM) TRANSFORMATIONS IN B2

NiAl OBSERVED IN CRACK PROPAGATION COMPUTER SIMULATIONS 249
D. Kim, P.C. Clapp, and J.A. Rifkin

ROOM TEMPERATURE DEFORMATION IN "SOFT" ORIENTATION
NiAl SINGLE CRYSTALS 255
R.D. Field, D.F. Lahrman, and R. Darolia

SLTIP TRANSITION IN [001] ORIENTED NiAl AT HIGH
TEMPERATURES 261
J.T. Kim and R. Gibala

}
|
|
i
!
f
i’
|
b

*Invited Paper

vii

T R



BURGERS VECTOR TRANSITION IN Fe-Al-Ni ALLOYS
D.K. Patrick, K.~-M. Chang, D.B. Miracle, and
H.A. Lipsitt

DEFORMATION MICROSTRUCTURES IN B2-TYPE CoTi SINGLE
CRYSTALS
M. Yoshida and T. Takasugi

A MECHANISM OF THE POSITIVE TEMPERATURE DEPENDENCE OF
YIELD STRESS IN TiAl
T. Kawabata, T. Kanai, and 0. Izumi

DEFORMATION OF THE ORTHORHOMBIC PHASE IN Ti-Al-Nb
ALLOYS
D. Banerjee, R.G. Rowe, and E.L. Hall

DISLOCATION STRUCTURE IN SINGLE CRYSTAL Llo TYPE
Ti-Al-V COMPOUND
Y.D. Hahn, Z.X. Li, S.H. Whang, and T. Kawabata

THE INFLUENCE OF STRAIN RATE ON DISLOCATION STRUCTURES
IN 7/&2 TITANIUM ALUMINIDES DEFORMED AT 815°C
W.T. Donlon, W.E. Dowling, Jr., and J.E. Allison

DEFORMATION AND DUCTILITY IN ALLOYS BASED ON A13Ti
D.G. Morris and R. Lerf

DISLOCATIONS WITH NON-PLANAR LOCKED STRUCTURES IN THE
L12 ORDERED ALLOYS
Y.Q. Sun, P.M. Hazzledine, and M.A. Crimp

DISLOCATION BEHAVIOUR IN THE OCTAHEDRAL PLANE IN Ni3Ga
SINGLE CRYSTALS
A. Couret, Y. Sun, and P.M. Hazzledine

THE CRYSTALLOGRAPHY OF CLEAVAGE FRACTURE IN Al3Sc
J.H. Schneibel and P.M. Hazzledine

HIGH-TEMPERATURE DEFORMATION OF Nb-18 Al

T.N. Marieb, A.D. Kaiser, S.R. Nutt,

D.L. Anton, and D.M, Shah

»

COMPUTER SIMULATION OF é%(llo) SCREW DISLOCATIONS
IN Ni3Al

T.A. Parthasarathy, D.M. Dimiduk, C. Woodward,

and D. Diller

A TEM STUDY OF THE DISLOCATION STRUCTURE IN A
Ni3Al-BASED ALLOY AT TEMPERATURES BELOW THE PEAK IN
FLOW STRESS

M. Wen and D. Lin (T.L. Lin)

MICROMECHANISMS OF DEFORMATION AND FRACTURE IN RAPIDLY

SOLIDIFIED Ni3A1 ALLOYS
G. Liu and G.M. Bond

viii

267

273

279

285

291

297

305

311

317

323

329

337

343




DISLOCATIONS MICROSTRUCTURES AND DISORIENTATION OF

CUBIC PLANES IN SAMPLES OF A SUPERALLOY SUBMITTED TO

BENDING TESTS 355
J.Y¥. Buffiere, M. Ignat, and P. Bastie

BONDING ENERGIES AND LONG-RANGE ORDER IN THE

TRIALUMINIDES . 363
C.J. Sparks, E.D. Specht, G.E. Ice, P. Zschack,
and J. Schneibel

X~-RAY DETERMINATION OF SITE OCCUPATION PARAMETERS IN

ORDERED TERNARIES Cu(Au Ml-x)M = Ni,Pd 369
R. Kumar, C.J. Sparks, T. Shiraishi, E.D. Specht,
P. Zschack, G.E. Ice, and K. Hisatsune

DEFORMATION MECHANISMS IN TiAl-BASED ALLOYS CONTAINING
LOW OXYGEN 375
S. Sriram, V.K. Vasudevan, and D.M. Dimiduk

ELECTRON MICROSCOPIC OBSERVATION ON THE STRUCTURE OF
Ni(Cu)Al MARTENSITE 385
S.-H. Kang, S.-J. Jeon, and H.-C. Lee

THE EFFECT OF GRAIN BOUNDARY GEOMETRY ON INTERGRANULAR
CRACKING IN NiaAl AT ROOM TEMPERATURE 391
H. Lin and D.P. Pope

THE MICROSTRUCTURE OF TITANIUM BERYLLIDE, TiBe12 397
D. Banerjee, L. Jacobson, J. Zindell, and
T.E. Mitchell

*EFFECTS OF ALLOYING ADDITIONS ON INTERGRANULAR
FRACTURE OF ORDERED INTERMETALLICS 403
T. Takasugi

GRAIN BOUNDARY STRUCTURE AS A FUNCTION OF ALUMINUM
LEVEL IN N13A1 417
J.A. Horton, C.T. Liu, and S.J. Pennycook

THE STRUCTURE AND PROPERTIES OF BOUNDARIES IN
BICRYSTALS OF BORON;DOPED Nia(Al, 1 at% Ta) 423
M.J. Mills, S.H§ Goods, and S.M. Foiles

[
INTERACTION BETWEEN LATTICE DISLOCATIONS AND GRAIN
BOUNDARIES IN ORDERED COMPOUNDS 429
B.J. Pestman, J.Th.M. De Hosson, V. Vitek, and
F.W. Schapink

EFFECT OF Ta ON THE STRUCTURE AN& DYNAMICS OF
'y/a2 INTERFACES IN TiAl 435
S.R. Singh and J.M. Howe

DEFORMATION AND DEFECTS IN C36 LAVES PHASES 443
J.D. Livingston and E.L. Hall

STRESS-ASSISTED DISCONTINUOUS PRECIPITATION DURING
CREEP OF TiSAl—Nb ALLOYS 449
R.G. Rowe and E.L. Hall

*Invited Paper




MICROMECHANISMS OF DEFORMATION AND FRACTURE IN A
Ti3Al-Nb ALLOY
A.S. Akkurt, G. Liu, and G.M. Bond

PART III: MECHANICAL PROPERTIES

*TOUGH, DUCTILE HIGH-TEMPERATURE INTERMETALLIC
COMPOUNDS: RESULTS OF A FOUR-YEAR SURVEY
R.L. Fleischer, C.L. Briant, and R.D. Field

TEMPERATURE EFFECTS ON THE STRENGTH AND TOUGHNESS OF
Be,,Nb

S.M. Bruemmer, B.W. Arey, R.E. Jacobson,

and C.H. Henager, Jr.

COMPRESSION, BEND, AND TENSION STUDIES ON FORGED
Al,.Ti, Crg, AND Al . Ti, Mng L1, COMPOUNDS
K.S. Kumar, S.A. Brown, and J.D. Whittenberger

MECHANICAL BEHAVIOR OF SINGLE CRYSTALLINE
Algg gTiyg gFes5 g .
Z.L. Wu, D.P. Pope, and V. Vitek

MECHANICAL PROPERTIES OF Fe-MODIFIED L1,-TYPE AlaTi

H.R.P. Inoue, C.V. Cooper, L.H. Favrow, Y. Hamada,

and C.M. Wayman
*DEFORMATION MECHANISMS AND SOLID-SOLUTION
STRENGTHENING IN ORDERED ALLOYS

D.M. Dimiduk and S. Rao

THE EFFECTS OF ALLOY ADDITIONS OF Si AND TRANSITION

METAL ELEMENTS ON THE MECHANICAL PROPERTIES OF B-DOPED

DS Nijal
¥. Zzhang and D. Lin (T.L. Lin)

CLEAVAGE FRACTURE AND DISLOCATION STRUCTURES OF
DUCTILE le-TYPE Ni3Ge SINGLE CRYSTALS
H.R.P. Inoue, C.M. Wayman, and T. Saburi

&5
EFFECT OF ALUMINUM CONCEHTRATION AND BORON DOPANT ON
ENVIRONMENTAL EMBRITTLEMENT IN FeAl ALUMINIDES
C.T. Liu and E.P. George

ROOM TEMPERATURE STRENGTH AND FRACTURE OF FeAl AND NiAl

P. Nagpal, I. Baker, F. Liu, and P.R. Munroe

ON THE HIGH TEMPERATURE BEHAVIOR OF NIOBIUM ALUMINIDE

INTERMETALLICS
A.B. Rodriguez, E.P. Barth, and J.K. Tien

*THE ROLE OF TWINNING IN BRITTLE FRACTURE OF Ti-ALUMINIDES

M.H. Yoo, C.L. Fu, and J.K. Lee

DUCTILITY AND STRENGTH IN Mo MODIFIED TiAl
T. Maeda, M. Okada, and Y. Shida

*Invited Paper

455

463

475

481

487

493

499

515

521

527

533

539

545

555




THE FATIGUE BEHAVIOR OF ‘y/a2 TITANIUM ALUMINIDES
W.E. Dowling, Jr., W.T. Donlon, and J.E. Allison

DEFORMATION OF POLYSYNTHETICALLY TWINNED (PST)
CRYSTALS OF TiAl IN TENSION AND COMPRESSION AT
ROOM TEMPERATURE

H. Inui, A. Nakamura, and M. Yamaguchi

CYCLIC DEFORMATION OF B2 ALUMINIDES
S.E. Hartfield-Wiinsch and R. Gibala

DOES A THRESHOLD STRESS FOR CREEP EXIST IN
HfC-DISPERSED NiaAl?
J.D. Whittenberger, R. Ray, and S.C. Jha

FLOW AND FRACTURE BEHAVIOR OF NiAl IN RELATION TO THE
BRITTLE~TO~DUCTILE TRANSITION TEMPERATURE
R.D. Noebe, R.R. Bowman, C.L. Cullers, and S.V. Raj

FRACTURE OF B2 ALUMINIDE SINGLE CRYSTALS
K.-M. Chang, R. Darolia, and H.A. Lipsitt

THE EFFECT OF STRAIN RATE ON THE MECHANICAL PROPERTIES
OF SINGLE CRYSTAL NiAl
D.F. Lahrman, R.D. Field, and R. Darolia

HYDROGEN EMBRITTLEMENT OF FeAl AND Fe,Al
M. Shea, A. Castagna, and N.S. Stoloff

EFFECT OF OFF-STOICHIOMETRY ON THE CREEP BEHAVIOR OF
BINARY AND TERNARY Ni,Al

T. Hayashi, T. Shinoda, Y. Mishima, and T. Suzuki

THE COMPRESSION CREEP BEHAVIOR OF NiaAl—X SINGLE
CRYSTALS
S. Miura, T. Hayashi, M. Takekawa, Y. Mishima,
and T. Suzuki

THE STRAIN RATE SENSITIVITY OF Ni3(Al,Ta) SINGLE
CRYSTALS .
J. Bonnevill€ and J.L. Martin

o
IMPROVEMENT OF ROOM TEMPERATURE DUCTILITY OF Ni3Al BY
UNIDIRECTIONAL SOLIDIFICATION

T. Hirano, S.-S. Chung, Y. Mishima, and T. Suzuki

FRACTOGRAPHIC OBSERVATION OF FATIGUE CRACK GROWTH IN
CAST NiaAl-BASED ALLOYS .
Y. Wanquan, G. Wei, and Z. Yaoxiao

HIGH-TEMPERATURE DUCTILITY OF INTERMETALLIC NICKEL
ALUMINIDE (IC-218L2Zr)
A.R. Mirshams, R.H. Baldwin, and V.K. Sikka

EFFECT OF BORON CONTENT ON MECHANICAL PROPERTIES OF
MONOCRYSTALLINE Ni3A1

G. Jianting, S. Chao, L. Hui, 2. Zhiya, T. Yajun,
and H. Zhuangqi

xi

561

569

575

581

589

597

603

609

617

623

629

635

641

649

655



